INTRODUCTION
early-onset Parkinsonism (19, 20) , is subsequently recruited to the depolarized mitochondria and functions in the sequestration and/or elimination of damaged mitochondria in cultured cells (21) , iPS-derived neurons (1, 22, 23) , and mouse primary neurons (24-26). PINK1 is essential for recruiting
Parkin to the depolarized mitochondria, thus it acts as an upstream factor of Parkin (15, 16, (27) (28) (29) (30) .
When both healthy and damaged mitochondria coexist in the same cell, Parkin selectively localizes on the damaged mitochondria (16, 21, 31) .
The transport of inner mitochondrial membrane (IMM) or mitochondrial matrix proteins generally utilizes ∆Ψm as the driving force (32) . In this transport process, the proteins are cleaved by various proteases. Numerous studies have shown that under steady-state conditions PINK1 is cleaved by mitochondrial processing peptidase (MPP),
Presenilin-associated rhomboid-like protein (PARL), ClpXP and AFG3L2 (33) (34) (35) (36) (37) and then recognized by cytoplasmic N-end rule degradation pathway that defines the rapid PINK1 turnover (38) .
The suppression of PINK1 transport into IMM by a decrease in ∆Ψm triggers an accumulation of PINK1 on OMM (18) . Phosphorylation of Ser228
and Ser402 activates the accumulated PINK1, triggering the recruitment of Parkin to the depolarized mitochondria (17) . Thus, PINK1 is not only quantitatively but also qualitatively regulated by mitochondrial conditions. However, the dynamics of PINK1 on depolarized mitochondria have not been fully elucidated.
In this study, we established a multicolor detection method for resolving with high-sensitivity the Samples were subjected to CN-PAGE and fluorescence detected as before.
2D-BN/SDS-PAGE--2D-gel electrophoresis was
performed using BN-PAGE in the first dimension. The above findings revealed that the 850-kDa complex contains at least two PINK1 molecules.
We next sought to determine the stoichiometry.
PINK1-GFP was co-expressed with both PINK1-V5 and PINK1-mCherry, subjected to NAMOS-assay using anti-V5 and anti-mCherry antibody confirmed that the mutant PINK1 proteins were almost equally expressed (Fig. 4B) . The NAMOS assay revealed that the C92F, G309D, and G409V PINK1 mutants interact with components of the TOM complex as well as PINK1 WT (Fig. 4C ). We also examined the re-import and degradation 
PINK1 complex formation is important for efficient
Parkin recruitment on mitochondria with decreased ∆Ψm--We previously identified Ser228 and Ser402 in PINK1 as the sites phosphorylated following a decrease in ∆Ψm; a S228A/S402A PINK1 double mutant was not phosphorylated despite localizing on depolarized mitochondria (17) . We consequently examined whether mutations in Ser228 and Ser402 affect formation of the PINK1 complex. The PINK1 S228A mutation had no effect on formation of the PINK1 complex in CN-PAGE whereas the S402A mutation strongly hindered formation ( (18), we show that the PINK1 complex also has an important function on damaged mitochondria. First, we confirmed that exogenous and endogenous PINK1 form a complex following CCCP treatment (Fig. 1A-C) (18,41) . Thereafter, we identified components of this PINK1 complex. (18), we found that most PINK1 mutants, with the exception of C92F, G309D and G409V, completely or partially lost the complex-forming ability (Fig. 4A) . The PINK1 G409V mutant exhibits typical complex formation (Fig. 4) , but failed to undergo complete phosphorylation ( Fig. 6 ) and inhibited Parkin recruitment and activation on depolarized mitochondria (17, 47) . We thus surmise that the principle functional defect of this mutant is in the process of PINK1 autophosphorylation or substrate recognition. Various PINK1 mutants were unable to form the complex in cells, suggesting an etiological importance of PINK1 complex formation.
We have previously reported that PINK1
undergoes intermolecular phosphorylation (17) . In this study, we noticed that the complex-forming ability of PINK1 correlated well with the intermolecular phosphorylation of PINK1 (Figs. 2,   4 , and 6). In addition, using a novel procedure, we determined that the 850-kDa complex contains two PINK1 molecules (Fig. 2) . This result seems reasonable since two PINK1 molecules must localize in physical proximity to perform trans-phosphorylation. Interestingly, when we performed the NAMOS assay using an anti-GFP monoclonal antibody 3E6, the second molecular weight shift was not observed (Fig. 2A) .
Nonetheless, the data obtained from the NAMOS assay using cells co-expressing PINK1-GFP and PINK1-mCherry clearly showed that two molecules of PINK1 are present in the 850-kDa complex ( Representative figures from E demonstrating the Tom20-signal loss are shown. Bar, 10 µm. Plasmids used in conjunction with CN-PAGE and 2D BN/SDS-PAGE (Figures 1-3 Okatsu et al., Figure 6 IB: PINK1   1  26  25  24  23  22  21  20  19  18  17  16  15  14  13  12  11  10  9  8  7  6  5  4  3  2 
